The natural antibiotic susceptibility of 38 Providencia rettgeri, 35 R stuartii, 23 R alcalifaciens and 20 R rustigianii strains was examined. MIC values were determined by a microdilution procedure and evaluated by a table calculation programme. R stuartii was the least susceptible Providencia sp. and was naturally resistant to tetracyclines, some penicillins, older cephalosporins, sulphamethoxazole and fosfomycin and to antibiotics to which other species of Enterobacteriaceae are also resistant. It was naturally sensitive to modern penicillins and cephalosporins, carbapenems and aztreonam, but its susceptibility to aminoglycosides and quinolones was difficult to assess. R alcalifaciens and R rustigianii strains were the most susceptible Providencia spp. They were naturally sensitive or intermediate to tetracyclines and sensitive to aminoglycosides and quinolones. Susceptibility to sparfloxacin, biapenem and sulphamethoxazole permitted the discrimination of R alcalifaciens and R rustigianii strains. The natural antibiotic susceptibility of R rettgeri strains was between that of R stuartii and that of the other providenciae. R rettgeri was resistant to tetracyclines and fosfomycin, but more susceptible to aminoglycosides, quinolones, fosfomycin and numerous p-lactam antibiotics than P stuartii. A database is described of the natural antibiotic susceptibilities of Providencia spp. It can be used for the validation of antibiotic susceptibility test results of these micro-organisms.
Introduction
Providencia spp. are typical aetiological agents of nosocomial infections and are now of significant medical interest. This is attributed to the increase in numbers of elderly patients and improvements in medical care, resulting in a higher incidence of immunocompromised patients and increasing numbers of nosocomial infections.
From a medical point of view, I? stuartii is the most important species of the genus. I? stuartii has been identified frequently as a cause of nosocomial urinary tract infection (UTI). Predisposing circumstances like catheterisation and intubation favour the establishment of UTIs with this bacterium. Less frequently it also causes respiratory and skin infections and is isolated occasionally from surgical wounds. I? stuartii is a ~~ described for strains that had previously been called P alcalifaciens biovar 3 [8, 91. P rustigianii can be isolated from human faeces and can colonise the human intestinal tract, but its medical significance awaits further study. The Providencia sp. described most recently is P heimbachae [lo] . There is no evidence to date that this bacterium is of significance to man, because all isolates have been from penguin faeces and an aborted bovine fetus [ 1 11.
Many Providencia isolates, in particular P stuartii strains, are resistant to numerous antibiotics. With the exception of 19 stuartii, knowledge about the antibiotic susceptibility of Providencia spp. is relatively incomplete. This is partly because many laboratories identi& providenciae only to the genus level and susceptibility testing is documented with only a few antibiotics. P stuartii is the most resistant species of the genus and is generally considered to be an antibiotic multiresistant bacterium [l] . Like most other strains of the Proteeae, P stuartii is resistant to polymyxin B, colistin and nitrofurantoin. The species is considered to be resistant also to some aminoglycosides and penicillins, older cephalosporins, tetracyclines and chloramphenicol. P rettgeri and P alcalifaciens strains are 'less resistant' than P stuartii to aminoglycosides, cephalosporins and substituted penicillins [ 1, 1 11. Cornaglia and co-workers found no significant differences in antibiotic susceptibility between rl rettgeri and P alcalifaciens strains [ 121. Otherwise, multiresistant P rettgeri strains have been described [13, 141 and are not rare. The increasing significance of infections with Providencia spp. necessitates a more detailed elucidation of differences in antibiotic susceptibility between Providencia spp.
The object of this study was to establish a database for the natural susceptibility to a wide range of antibiotics of all Providencia spp. pathogenic to man. The data from 116 Providencia strains tested with 7 1 antibiotics can be valuable for the validation of routine susceptibility test results.
Materials and methods

Bacterial strains
A total of 116 Providencia strains was examined. The strains were clinical isolates from the culture collection of H. Grimm (Weingarten, Germany) and B. Vocht (Moers, Germany) and from our culture collection. The latter originated from a multicentre study of the Paul Ehrlich Society conducted in 1986 with 30 centres in Germany, Switzerland and Austria and from the collection of MERLIN-Diagnostika (Bornheim, Germany). The majority of the strains submitted by H. Grimm, B. Vocht and MERLIN were recent isolates and were collected between 1990 and 1997. Copy strains (more than the isolate/patient) and duplicate strains from the same outbreak were excluded.
IdentlJication
All strains were identified to the species level with a commercial identification system for Enterobacteriaceae (Micronaut-E, MERLIN-Diagnostika, Bornheim, Germany) and a rapid identification system for gramnegative and gram-positive bacteria (Micronaut-IDS, MERLIN-Diagnostika). Both identification systems test key biochemical reactions of bacteria with clinical significance. The inoculum for the identification tests was a suspension from an overnight culture on solid medium in physiological saline solution at lo6 cfu/ml for the Micronaut E system and lo8 cfu/ ml for the Micronaut-IDS system. The incubation times were 24 h (Micronaut-E and agar plates) or 5 h (Micronaut-IDS) at 36°C (*lo). Fermentation of Dgalactose was tested on bromocresol purple agar (Difco) supplemented with galactose 6 g/L. All identification tests were repeated to confirm the results.
Antibiotic susceptibility testing
Antibiotic susceptibility was tested by a microdilution procedure in Isosensitest Broth (Oxoid). After inoculation of antibiotic containing microtitration plates (MERLIN-Diagnostika) with 100 pl of appropriate bacterial suspension (-1 O5 cfu/ml) and incubation for 24 h at 36°C (&lo) MIC values were determined with a photometer (Labsystems Multiskan Multisoft). MIC data were evaluted with EXCEL (Microsoft).
Evaluation of natural antibiotic susceptibility
Plotting the MIC of a particular antibiotic for one species against the number of strains found with the respective MIC usually results in a bimodal distribution. One peak with relatively low MICs represents the natural population and one peak with higher MICs represents the strains with acquired (secondary) resistance. Analysis of the MIC distribution of all strains of one species for each antibiotic permitted determination of the biological thresholds, which limit the natural population at high MICs but not those strains with secondary (acquired) resistance ( Fig. 1 a  and b) . Whether the MIC values of the natural population were above or below the breakpoints of the standards, which assess the clinical susceptibility was investigated. Determination of whether the natural population was clinically sensitive, intermediate or resistant was by application of French (SFM), Swedish (SIR), German (DIN), American (NCCLS) and English standards (BSAC). When the natural population was sensitive or intermediate according to the cited standards, it was described as naturally sensitive (Fig. 1 a) or naturally intermediate, respectively. When the natural population was resistant, it was described as naturally (primary or intrinsically) resistant (Fig. 1 b) . Table 2 ). The clinical assessment of MIC data is shown according to French standards (SFM). Clinical thresholds are indicated by dotted lines. I? stuartii was naturally sensitive to kanamycin, as the natural population was clinically sensitive according to SFM. (b) Susceptibility of I? stuartii towards amoxycillin in combination with clavulanic acid (AMX/CLAV). The biological threshold of I? stuartii for AMX/CLAV was 64 mg/L. Strains with acquired resistance were not found (see Table 2 ). The clinical assessment of MIC data is shown according to German standards (DIN). I?
stuartii was naturally resistant to AMX/CLAV, as the natural population was clinically resistant according to DIN.
Results
Natural antibiotic sensitivity and primary resistance IdentlJcation of strains
The biochemical features of the Pruvidencia strains examined are shown in Table 1 . Thirty-five strains were identified as I? stuartii, 38 as I? rettgeri, 23 as I?
alcalifaciens and 20 as I? rustigianii. Generally, there were no significant differences between the results and those reported by Farmer [15] , although the results of mannose and trehalose fermentation were read in the Micronaut-IDS system after 5 h whereas Farmer read these results after incubation for 2 days. Aesculin hydrolysis, urease production, fermentation of rhamnose, adonitol, myo-inositol, trehalose, D-galactose and the nagase and phosphodiesterase tests (cleavage of pnitrophenyl-acetylglucosamine and 2'-deoxythymidine-5'-p-nitrophenylphosphate, respectively) were the most suitable tests to distinguish the Pruvidencia spp. (Table  1 ). The MIC distributions of the Pruvidencia strains tested are presented in Table 2 . There were significant differences in antibiotic susceptibility between the different Providencia spp. Antibiotics with discriminating features for Pruvidencia spp. included tetracyclines and fosfomycin. A summary of the natural antibiotic sensitivities and primary resistances of Pruvidencia spp. is shown in Table 3 . Strains with acquired resistance were found in all species (Table 2) The results (I) are contrasted with the data of Farmer (11) [15] . Most of the reactions were either included in the panels of the Micronaut-E (1 -2 1 .) or the Micronaut-IDS identification system of MERLIN (22-32). Key discriminating reactions are given in bold print. 'tryptophan deaminase (MERLIN), phenylalanine deaminase [Farmer] ; hydrolysis of aesculin; *indole production; 3mixture of Simmons' and Christensen citrate (MERLIN), Simmons' citrate [Farmer] ; cleavage of 4~r t h~-nitrophenyl-b-galactopyranoside (ONPG), 5ortho-nitrophenyl-/3-xyloside (ONPX), 6para-nitrophenyl-/3-glucuronide (PGUR), 7para-nitrophenylacetylglucosamine, 82'-deoxythymidine-5'-para-nitrophenylphosphate; ns, not stated. other species of Enterobacteriaceae were naturally sensitive or naturally of intermediate susceptibility.
However, there was also a range of antibiotics, such as modern penicillins and cephalosporins, carbapenems and aztreonam, to which the species was naturally sensitive. The natural susceptibility pattern to some antibiotics, especially aminoglycosides and quiniolones, was difficult to assess. The MIC distributions of quinolones did not correspond to standard distributions and unequivocal clinical interpretations of the data could not be made.
Although clinical interpretations of the MIC distributions of aminoglycosides seemed to be established easily, P stuartii should be regarded as naturally resistant to certain aminoglycosides (see below).
According to the data, P alcalijiaciens and P rustigianii were the most susceptible Providencia spp. They were naturally sensitive or naturally of intermediate susceptibility to tetracyclines and sensitive to aminoglycosides and quinolones. Both species were also naturally sensitive to antibiotics to which P stuartii was naturally sensitive. Susceptibility to sparfloxacin, biapenem and sulphamethoxazole were suitable parameters for the discrimination of P alcallfaciens and P rustigianii (Tables 2 and 3 ). The natural antibiotic susceptibility patterns of P rettgeri were between those of P stuartii and those of the other Providencia spp. Like P stuartii, P rettgeri was resistant to tetracyclines and fosfomycin, but was more susceptible to aminoglycosides, quinolones, fosfomycin and numerous p-lactam antibiotics (Tables 2 and 3 ).
Most resistance mechanisms (including natural resistance) to antimicrobial agents in Providencia spp. are unknown. This is particularly true for species other than P stuartii. Resistance to aminoglycosides is mostly attributed to the action of aminoglycosidemodifying enzymes. In P stuartii, natural resistance to aminoglycosides is limited to aminoglycosides of the gentamicin type (gentamicin, tobramycin and netilmicin) and is due to a chromosomally encoded 2'-Nacetyltransferase, designed AAC(2')-Ia, which is distributed ubiquitously in this species [ 161. According to the present data P stuartii was sensitive, intermediate or slightly resistant (depending on the applied standard) to gentamicin (Table 3) , but there was no uniform resistance. Otherwise, the species showed significantly less susceptibility to gentamicin, tobramycin and netilmicin than the other Providencia spp.
( Table 2) . It has been shown that the acetyltransferase is normally expressed at low levels, but high-level expression confers resistance to gentamicin and structurally related aminoglycosides [ 161. However, the MIC data did not confirm that the AAC(2')-Ia enzyme was also present in EI rettgeri, as has been described [ 17, 181. Excluding resistance to oxacillin, and presumably benzylpenicillin, natural resistance to p-lactam agents in Providencia strains is probably due to inducible 
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